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(57) ABSTRACT

An object of the present invention is to provide an electronic
device in which a temperature control using a cooling fan
can be made more efficiently and more stably and a method
for controlling temperature of a device.

The device includes the fan, a measurement unit, and a
control unit which controls a rotation speed of the fan based
on the measured temperature. The control unit stores a
plurality of measured temperatures and a normal tempera-
ture range for each measurement unit, determines the pres-
ence or absence of a temperature increasing trend, shortens
a time interval when it is determined that increases, deter-
mines whether or not the plurality of temperatures are
included in the normal range when it is determined that does
not increase, prolongs when the all are included in the
normal range, and does not change when at least one is not
included in the normal range.

8 Claims, 6 Drawing Sheets
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1
ELECTRONIC DEVICE AND METHOD FOR
CONTROLLING TEMPERATURE OF
ELECTRONIC DEVICE

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2012-203854,
filed on Sep. 18 2012, the disclosure of which is incorpo-
rated herein in its entirety by reference.

TECHNICAL FIELD

The present invention relates to an electronic device in
which air cooling is performed and a method for controlling
temperature of an electronic device.

BACKGROUND ART

Generally, because an electronic device is required to
have a reduced thickness, a reduced weight, and a reduced
size, electronic components are densely arranged and used in
the device. For this reason, a cooling capacity (rotation
speed) of a cooling fan, the number of cooling fans, an
installation position of a cooling fan, and the like are
determined so that the temperature of the electronic com-
ponent does not exceed the upper limit of the operating
temperature. As shown in FIG. 7, the temperature inside the
electronic device becomes stable at a predetermined tem-
perature that is lower than the upper limit of the operating
temperature of the electronic component. In the electronic
device, in order to avoid fast temperature rise of the elec-
tronic component and the like, as shown in FIG. 5, the
rotation speed of the cooling fan is changed in stages
according to the temperature inside the device and the like
to control the temperature.

FIG. 8 shows in detail the temperature change inside the
electronic device in a state in which the temperature inside
the electronic device is stable (a part A shown in FIG. 7).

A temperature change measured by a temperature sensor
is shown by a solid line. The threshold temperature B is
shown by a dashed line B. The cooling fan is set so as to
rotate at the maximum speed when the measured tempera-
ture exceeds a threshold temperature B in a normal operation
state.

When the measured temperature inside the electronic
device exceeds the threshold temperature B, the rotation
speed of the cooling fan is increased and the temperature is
decreased (D1). When the measured temperature is lower
than the threshold temperature B, the rotation speed of the
cooling fan is decreased and the temperature increases (D2).
When the measured temperature exceeds the threshold tem-
perature B again, the rotation speed of the cooling fan is
increased and the temperature is decreased (D3). By repeat-
ing this operation, the electronic device makes the tempera-
ture inside the device during operation stable so that the
temperature of the electronic component does not exceed the
upper limit of the operating temperature.

In a generally-used temperature control method, a tem-
perature sensor is installed in the device and the rotation
speed of the fan is controlled based on the temperature
measured continuously or periodically by the temperature
sensor. An example of this method is disclosed in patent
document 1.

In patent document 1, a device which generates a control
voltage based on the temperature measured by the tempera-
ture sensor and controls a rotation speed of a cooling fan
based on the control voltage and a cooling method are
disclosed.
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However, because the device disclosed in patent docu-
ment 1 operates continuously or periodically, a rotation
speed control unit operates even when the temperature is
stable. Therefore, a problem in which an electric power is
unnecessarily consumed and the rotation speed control unit
generates heat by its operation occurs.

As one of the countermeasures against this problem, in
patent document 2, a method in which a measurement
interval is varied based on the temperature measured by the
temperature sensor is described.

In the invention disclosed in patent document 2, when the
temperature measured by the temperature sensor is within a
predetermined temperature range, the measured temperature
is compared with the preceding measured temperature.
When the temperature increase is small, the measurement
interval is made long and when the temperature increase is
large, the measurement interval is made short. Further, a
projector in which when the measured temperature exceeds
the predetermined temperature range, the fan is rotated at the
maximum speed is disclosed.

PRIOR ART DOCUMENT
Patent Document

[patent document 1] Japanese Patent Application Laid-Open
No. 2008-042597

[patent document 2] Japanese Patent Application Laid-Open
No. 2009-069459

SUMMARY
Problems to be Solved by the Invention

However, in the invention described in patent document 2
in which the above-mentioned problem of the invention
described in patent document 1 is solved, the measured
temperature is compared with the preceding measured tem-
perature and when the temperature increase is small, the
measurement interval is made long. Therefore, in a state in
which the measured temperature inside the electronic device
is stable, the measurement interval (12 in FIG. 8) becomes
long. Accordingly, because the measurement interval is
made long, a problem in which the measured temperature
(D3 in FIG. 8) at which the cooling fan is rotated at the
maximum speed becomes high occurs.

Therefore, an object of the present invention is to provide
an electronic device in which a temperature control using a
cooling fan can be made more efficiently and more stably
and a method for controlling temperature of an electronic
device.

Means for Solving the Problems

An electronic device of the present invention including a
cooling fan, at least one temperature measurement unit, and
a temperature control unit which controls a rotation speed of
the cooling fan based on the measured temperature mea-
sured by the temperature measurement unit to control the
temperature inside the device is characterized in that the
temperature control unit stores at least a plurality of mea-
sured temperatures that are measured at predetermined time
intervals in the past in chronological order from the latest
measured temperature, stores a normal temperature range
for each temperature measurement unit, determines the
presence or absence of a temperature increasing trend based
on the plurality of measured temperatures and the latest
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measured temperature that are stored, shortens the time
interval between temperature measurements from the cur-
rent time interval when it is determined that the temperature
increases, determines whether or not the plurality of mea-
sured temperatures and the latest measured temperature are
included in the normal temperature range when it is deter-
mined that the temperature does not increase, prolongs the
time interval between temperature measurements from the
current time interval when all the measured temperatures are
included in the normal temperature range, and does not
change the time interval between temperature measurements
when at least one measured temperature is not included in
the normal temperature range.

A method for controlling temperature of an electronic
device of the present invention which includes a cooling fan,
at least one temperature measurement unit, and a tempera-
ture control unit which controls a rotation speed of the
cooling fan based on the measured temperature measured by
the temperature measurement unit to control the temperature
inside the device is characterized by comprising the steps of:
storing at least a plurality of measured temperatures that are
measured at predetermined time intervals in the past in
chronological order from the latest measured temperature,
storing a normal temperature range for each temperature
measurement unit, determining the presence or absence of a
temperature increasing trend based on the plurality of mea-
sured temperatures and the latest measured temperature that
are stored, shortening the time interval between temperature
measurements from the current time interval when it is
determined that the temperature increases, determining
whether or not the plurality of measured temperatures and
the latest measured temperature are included in the normal
temperature range when it is determined that the temperature
does not increase, prolonging the time interval between
temperature measurements from the current time interval
when all the measured temperatures are included in the
normal temperature range, and not changing the time inter-
val between temperature measurements when at least one
measured temperature is not included in the normal tem-
perature range.

Effect of the Invention

By using the present invention, a temperature control
using a cooling fan in an electronic device can be made more
efficiently and more stably.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of an
electronic device 100 according to an exemplary embodi-
ment of the present invention.

FIG. 2 is a block diagram showing a configuration of a
temperature control unit 210 in a BMC 200.

FIG. 3 is a flowchart showing an example of a process of
controlling a measurement interval in a temperature control
unit 210.

FIG. 4 is a flowchart showing a process of controlling a
rotation speed of a cooling fan in a temperature control unit
210.

FIG. 5 shows an example of a relationship between a
temperature range and a rotation speed.

FIG. 6 shows an example of a relationship between a level
and a measurement interval.

FIG. 7 is a figure showing in a temperature change inside
an electronic device.
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FIG. 8 is a figure showing in a temperature change inside
an electronic device in detail.

EXEMPLARY EMBODIMENT

A first exemplary embodiment of the present invention
will be described with reference to a figure.

FIG. 1 is a block diagram showing a configuration of an
electronic device 100 according to the exemplary embodi-
ment of the present invention.

The electronic device 100 includes a BMC (Baseboard
Management Controller) 200 which controls the tempera-
ture in the device by a rotation speed of a cooling fan,
cooling fans 300 (300A to 300D) which send cooling air in
the device, and temperature sensors 600 (600A to 600G and
600L. to 600M) which measure temperature at an installation
position at which the sensor is installed as a component for
controlling the temperature in the device.

In an example shown in FIG. 1, the electronic device 100
further includes processors 400 (400A and 400B) which
control the electronic device 100, memories 500 (500A to
500D) which store data, a signal, and the like, and a signal
circuit 700 which is a transmission route of the signal. The
temperature sensor 600 is mounted in a component whose
temperature has to be monitored, installed in the vicinity of
the component, or mounted in the BMC 200, the processors
400, and the memories 500 in advance. An unique sensor
code is assigned to each temperature sensor of the tempera-
ture sensors 600 and the sensor code is stored in a tempera-
ture sensor read unit 212 of the BMC 200.

FIG. 2 is a block diagram showing an example of a
configuration of a temperature control unit 210 in the BMC
200.

The temperature control unit 210 in the BMC 200
includes a read time storage unit 211 which stores each
sensor code and a read time for each sensor code, a tem-
perature sensor read unit 212 which reads the temperature of
the temperature sensor for each sensor code, a rotation speed
control unit 213 which stores a rotation speed of the cooling
fan for each sensor code and the current rotation speed of the
cooling fan and controls the rotation speed of the cooling
fan, a measured temperature storage unit 214 which stores a
plurality of measured temperatures that are measured in the
past in chronological order from the latest measured tem-
perature for each sensor code, and a measurement interval
determination unit 215 which stores a measurement interval
that is a read time interval of the temperature sensor for each
sensor code and controls the measurement interval.

A process of controlling the measurement interval of the
temperature sensor in the temperature control unit 210 will
be described.

FIG. 3 is a flowchart showing an example of a process of
controlling the measurement interval of the temperature
sensor in the temperature control unit 210.

The read time storage unit 211 stores the read time for
each sensor code. When the stored read time is reached, the
read time storage unit 211 adds a flag indicating that the
process is performed to the sensor code and transmits the
sensor code to the temperature sensor read unit 212 and the
measured temperature storage unit 214 (step S101).

The temperature sensor read unit 212 associates the
temperature sensor with the sensor code and stores them.
When the temperature sensor read unit 212 receives the
sensor code, the temperature sensor read unit 212 reads the
temperature of the temperature sensor for the sensor code
and transmits at least the read measured temperature,
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together with the sensor code, to the rotation speed control
unit 213 and the measurement interval determination unit
215 (step S102).

The measured temperature storage unit 214 stores the
temperatures that are measured five times in the past in
chronological order for each sensor code. When the mea-
sured temperature storage unit 214 receives the sensor code,
the measured temperature storage unit 214 transmits the
temperatures that are measured five times in the past by the
temperature sensor for the sensor code to the measurement
interval determination unit 215 (step S103). Further, the
number of the measured temperatures stored by the mea-
sured temperature storage unit 214 is one example.

The measurement interval determination unit 215 stores a
normal temperature range for each sensor code, receives the
latest measured temperature and the temperatures that are
measured five times in the past, and determines the presence
or absence of the temperature increasing trend (step S104).
When it is determined that the temperature increases, the
measurement interval determination unit 215 shortens the
measurement interval for the next measurement made by the
temperature sensor for the sensor code (step S105). As an
example, the measurement interval is set to 5 seconds.

Here, the presence or absence of the temperature increas-
ing trend is determined based on one of the following three
conditions and when one of the conditions is satisfied, it is
determined that the temperature increases. A first condition:
the latest measured temperature exceeds the upper limit of
the normal temperature range (hereinafter, described as a
normal upper limit) in the device. A second condition: with
respect to the latest measured temperature and the tempera-
tures that are measured five times in the past, it is determined
that the temperature monotonically increases with time. In
other words, with respect to the latest measured temperature
and the temperatures that are measured five times in the past,
each measured temperature is higher than the preceding
measured temperature. A third condition: there is a positive
correlation between the time and the measured temperature,
which indicates that the temperature increases with time, in
the latest measured temperature and the temperatures that
are measured five times in the past. When an inclination (A)
of a linear function (Y=AX+B) of the time (X) and the
measured temperature (Y) that is calculated by for example,
the method of least squares is positive, there is a positive
correlation.

When it is determined that the temperature does not
increase, the measurement interval determination unit 215
decides that the latest measured temperature and the tem-
peratures that are measured five times in the past are equal
to or lower than the normal upper limit (step S106). When
all the measured temperatures are equal to or lower than the
normal upper limit, the measurement interval determination
unit 215 prolongs the measurement interval for the next
measurement made by the temperature sensor for the sensor
code (step S107). As an example, the measurement interval
is set to 15 seconds. When the above-mentioned conditions
are not satisfied, the measurement interval determination
unit 215 sets the measurement interval for the temperature
sensor for the sensor code to an initial time (step S108). As
an example, the measurement interval is set to 10 seconds.

The measurement interval determination unit 215 trans-
mits the sensor code and the measurement interval to the
read time storage unit 211 and transmits new five measured
temperatures including the latest measured temperature and
four temperatures that are most recently measured four times
in the past, together with the sensor code, to the measured
temperature storage unit 214 (S109).
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When the read time storage unit 211 receives the sensor
code and the measurement interval, the read time storage
unit 211 calculates the next read time based on the mea-
surement interval, stores it, and removes the flag indicating
that the process of the sensor code is performed (S110).
Further, a time of a timer may be used to set the next read
time instead of the measurement interval.

When the measured temperature storage unit 214 receives
the sensor code and the new five measured temperatures, the
measured temperature storage unit 214 stores them as the
measured temperatures of the sensor code that are measured
five times in the past (S111).

Next, a process of controlling the rotation speed of the
cooling fan in the temperature control unit 210 will be
described.

FIG. 4 is a flowchart showing an example of a process of
controlling the rotation speed of the cooling fan in the
temperature control unit 210.

The rotation speed control unit 213 stores the current
rotation speed of the cooling fan and the rotation speed of
the cooling fan for each sensor code. When the rotation
speed control unit 213 receives the measured temperature,
the rotation speed control unit 213 calculates the rotation
speed and stores it as the rotation speed for the sensor code
(step S201).

The rotation speed control unit 213 extracts the maximum
rotation speed for each sensor code that is stored and
compares it with the current rotation speed of the cooling fan
(step S202). When there is a difference between two rotation
speeds, the rotation speed control unit 213 stores the current
rotation speed as a new rotation speed of the cooling fan and
changes the rotation speed of the cooling fan to the new
rotation speed (step S203).

When there is no difference between two rotation speeds,
the rotation speed control unit 213 ends the process.

Next, the calculation of the rotation speed of the cooling
fan will be described.

FIG. 5 shows a relationship between the measured tem-
perature and the rotation speed of the cooling fan. As shown
in FIG. 5, a stepwise relationship between the measured
temperature and the rotation speed of the cooling fan is
determined in advance. The rotation speed matched with the
measured temperature is determined from this table.

The above-mentioned method of calculating the rotation
speed of the cooling fan is shown as an example. There are
various means of calculating the rotation speed of the
cooling fan and the descriptions of them will be omitted.

As described above, by using the present invention, based
on a plurality of the temperatures that are measured a
plurality of times in the past such as the latest measured
temperature and the temperatures that are measured five
times in the past or the like, the presence or absence of the
temperature increasing trend is determined. Therefore, an
influence of measurement accuracy of the temperature sen-
sor, erroneous measurement that suddenly occurs, or the like
can be suppressed. Further, when the temperature inside the
device is stable and high, the long measurement interval is
not used, Therefore, the temperature of the electronic com-
ponent can be made more stable. Further, when all the
measured temperatures are equal to or lower than the normal
upper limit, the measurement interval is prolonged. Accord-
ingly, unnecessary temperature control can be avoided.

Accordingly, by using the present invention, the tempera-
ture control using the cooling fan in the electronic device can
be made more efficiently and more stably.

Further, as shown in FIG. 6, for example, the measure-
ment interval may be classified into five levels, level 1 to
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level 5, whose time intervals are different from each other
and in steps S105 and S107, the measurement interval may
be changed step-by-step.

As described above, by using the present invention, the
measurement interval is classified into multiple stages.
Therefore, the temperature control can be made more stably.

What is claimed is:

1. An electronic device including

a cooling fan,

at least one temperature measurement unit, and

a temperature control unit which controls a rotation speed

of the cooling fan based on the measured temperature
measured by the temperature measurement unit to
control the temperature inside the device characterized
in that

the temperature control unit stores at least a plurality of

measured temperatures that are measured at predeter-
mined time intervals in the past in chronological order
from the latest measured temperature, stores a normal
temperature range for each temperature measurement
unit, determines the presence or absence of a tempera-
ture increasing trend based on the plurality of measured
temperatures and the latest measured temperature that
are stored, shortens the time interval between tempera-
ture measurements from the current time interval when
it is determined that the temperature increases, deter-
mines whether or not the plurality of measured tem-
peratures and the latest measured temperature are
included in the normal temperature range when it is
determined that the temperature does not increase,
prolongs the time interval between temperature mea-
surements from the current time interval when all the
measured temperatures are included in the normal
temperature range, and does not change the time inter-
val between temperature measurements when at least
one measured temperature is not included in the normal
temperature range.

2. The electronic device according to claim 1 in which it
is determined that the temperature increases when the latest
measured temperature is higher than the normal temperature
range.

3. The electronic device according to claim 1 in which it
is determined that the temperature increases when the plu-
rality of measured temperatures and the latest measured
temperature that are stored monotonically increase with
time.

4. The electronic device according to claim 1 in which
when there is a positive correlation between the plurality of
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measured temperatures and the latest measured temperature
that are stored and the time, it is determined that the
temperature increases.

5. A method for controlling temperature of an electronic
device which includes a cooling fan, at least one temperature
measurement unit, and a temperature control unit which
controls a rotation speed of the cooling fan based on the
measured temperature measured by the temperature mea-
surement unit to control the temperature inside the device is
characterized by comprising the steps of:

storing at least a plurality of measured temperatures that

are measured at predetermined time intervals in the past
in chronological order from the latest measured tem-
perature,

storing a normal temperature range for each temperature

measurement unit and determining the presence or
absence of a temperature increasing trend based on the
plurality of measured temperatures and the latest mea-
sured temperature that are stored, and

shortening the time interval between temperature mea-

surements from the current time interval when it is
determined that the temperature increases, determining
whether or not the plurality of measured temperatures
and the latest measured temperature are included in the
normal temperature range when it is determined that
the temperature does not increase, prolonging the time
interval between temperature measurements from the
current time interval when all the measured tempera-
tures are included in the normal temperature range, and
not changing the time interval between temperature
measurements when at least one measured temperature
is not included in the normal temperature range.

6. The method for controlling temperature of an electronic
device according to claim 5 in which when the latest
measured temperature is higher than the normal temperature
range, it is determined that the temperature increases.

7. The method for controlling temperature of an electronic
device according to claim 5 in which when the plurality of
measured temperatures and the latest measured temperature
that are stored monotonically increase with time, it is
determined that the temperature increases.

8. The method for controlling temperature of an electronic
device according to claim 5 in which when there is a positive
correlation between the plurality of measured temperatures
and the latest measured temperature that are stored and the
time, it is determined that the temperature increases.

#* #* #* #* #*
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